Abstract: Regio-and stereoselective synthesis are described for convenient preparation of hydroxy-and methoxynaphthalenes starting from naphthalene (1). cis, cis, 3, 5, 2, 3, cis,cis, 3, 5, 2, 3, and cis,cis, 3, 5, 1,4-dimethoxy-1,2,3,4-tetrahydronaphthalene (8) 
Introduction
Substituted naphthalenes have gained significant industrial importance, especially in the field of pharmaceutical, optical, and electronic materials. They are useful precursors for various natural products, 1,2 e.g., their brominated analogues are admirable predecessors for the preparation of substituted naphthalenes such as phenols, amines, ethers, thioethers, epoxides, and organometallics.
Despite the considerable synthetic and biological interest in naphthalene derivatives, very few general synthetic routes are available, starting from naphthalene's core. 3 Therefore, many researchers are trying to explore the new synthetic methods for the preparation of polysubstituted naphthalenes, and the bromo naphthalenes may be the most feasible intermediates.
This paper describes mainly the preparation of new members of polysubstituted -OCH 3 and -OH naphthalenes from hexabrominated naphthalene 3 (prepared from 1 in two steps) by silver-induced reaction followed by a base-promoted substitution, which were further functionalized via simple bromination.
We found that hexabromide 3 is very useful intermediate for the polyfunctionalization of naphthalene and regioselective novel brominated methoxy and hydroxy derivatives of naphthalene, whose further transformation generates synthetically important novel naphthalene derivatives.
Results and discussion
Our recent report showed that photobromination of 9,10-dibromoanthracene (4) results in the formation of one stereoisomer, hexabromide 5 as the sole product, 4 while its polar bromination gave entirely different stereoisomers. 5 On the other hand, the sequential regioselective photobromination of naphthalene gave corresponding hexabromide 3 with the same stereochemistry as that of anthracene hexabromide 5 (Scheme 1).
4°S cheme 1. Polar and photobromination of naphthalene (1) and 9,10-dibromoanthracene (4) .
In this paper, we demonstrate that hexabromide 3, which is produced by photobromination of 1,4-dibromonaphthalene (2) 6 is a key compound for tetralin and naphthalene derivatives.
The treatment of methanolic solution of hexabromide 3 reacted with 2 equiv of AgSO 4 in ambient conditions for 4 days in a dark and inert atmosphere gave a mixture of brominated derivates. Careful 1 H NMR examination of the crude mixture revealed that exclusively derivative 6 was observed in 51% isolated yield. Furthermore, compound 6 was isolated by the crystallization of the crude mixture, while the other derivatives, compounds 7-10, were separated by preparative thin layer chromatography of the residue (Scheme 2).
There was no evidence of formation of hydroxy isomer 11 in this case (Scheme 3). However, we suggest a reaction mechanism in which the stereoselective formation of compound 6 occurs by the neighboring group participation as depicted in Scheme 4. Benzylic carbocation A might be stabilized by the neighboring bromide to generate an intermediate B, which blocks the upper face of the ring and allows the methoxy group to approach from the rear face to yield stereochemically controlled species C. The second benzylic carbocation F blocked the lower face due to bromides, which may control the stereochemistry of the incoming sulfate group. The nucleophilic attack of CH 3 OH at the sulfur atom of sulfate ester G might proceed through breakage of the S-O bond versus the C-O bond to form the corresponding alcohol 6.
The IR spectrum of 6 displayed the absorbance signal of the hydroxy group at 3455 cm The formation of dimethoxides 7 and 8 also confirms that the reaction proceeds via carbocation intermediate D. Both sides of the intermediate D are available for incoming methoxy groups. The proposed mechanism also explains the absence of the sterically less hindered and lower energy isomer 12 (Scheme 5).
It is important to note that when the reaction was performed using AgClO 4 instead of Ag 2 SO 4 , it resulted in the formation of dimethoxy compounds 7 and 8 (Scheme 2), which were isolated in 66% and 21% yields, respectively. The difference between the two procedures can be attributed to the weak nucleophilicity of perchlorate ion as compared to sulfate ion.
After selective synthesis, successful isolation, and characterization, compounds 7 and 8 were subjected to sodium methoxide induced elimination at room temperature to afford aromatized products 1-methoxy-3-Scheme 6. Aromatization of dimethoxides 7 and 8, followed by electrophilic bromination. bromide (9) and 1-methoxy-2-bromide (10), which were further separated by column chromatography (Scheme 6). The 1 H NMR spectra of 9 and 10 exhibited the expected aromatic coupling pattern (consisting of five signal groups), an AB system ( J 3,4 = 8 Hz) between H 3 and H 4 in compound 10, and the meta coupling of H 2 and H 4 in compound 9 ( J 2,4 = 2 Hz).
Therefore, for further functionalization, electrophilic bromination of compounds 9 and 10 was investigated in the dark, at room temperature, with molecular bromine. The reaction of 10 with bromine did not produce the 4-bromo product 13 under any conditions probably due to the γ -gauche effect. However, bromination of 9 with one equivalent of molecular bromine smoothly proceeded and 2,3,5,8-tetrabromo-1-methoxynaphthalene (14) was obtained in a quantitative yield (Scheme 6). Compound 9 was treated with excess (four equiv) bromine, but the reaction did not provide the 4-bromo product either.
One aromatic singlet, one aromatic AB system and one methoxy singlet in the 1 H NMR spectrum of 14 are in agreement with the proposed structure.
In order to introduce aromatization in compound 6, the same experiment was repeated as depicted in Scheme 7. Surprisingly, no aromatized product 19 was observed in this case. Instead, 1-methoxy-2-bromide (10) and 1-hydroxy-3-bromide (16) were isolated in yields of 46% and 13%, respectively (Scheme 7). The product outcome of this reaction shows that the reaction proceeds through a selective intermediate 17 as shown in Scheme 7.
Scheme 7.
The structure of product 16 was elucidated by NMR and IR spectra. The stretching vibration band at 3401 cm −1 in the IR spectrum suggests the presence of a hydroxyl group. The hydroxyl proton appeared as a singlet at δ 8.22 and δ 153.6 in the 1 H and 13 C NMR spectra, which is typical aromatic carbon atom resonance bonded to hydroxyl. In addition, H 2 and H 4 appeared as doublets at δ 7.29 and δ 8.10 and their meta coupling constant J 2,4 = 2 Hz confirms that Br is flanked between these two protons. The upfield shifting of H 4 is due to the electron donating mesomeric effect of the -OH group, while downfield shifting of H 2 is attributed to the van der Waals interaction of (C 5 -Br)-H 4 and (C 3 -Br)-H 4 .
For further functionalization, electrophilic bromination of compounds 16 was also investigated in the dark, at room temperature, with excess bromine to give 2,3,4,5,8-pentabromonaphthalen-1-ol (18) in 98% yield (Scheme 7). The 1 H NMR spectrum of pentabromide 18 consists of one AB system for H 5 and H 6
and one hydroxy singlet. Nine peaks (ten peaks are expected, only nine were observed due to overlap at the aromatic region) in the 13 C NMR spectrum are also in accord with the proposed structure of 2,3,4,5,8-
Treatment of hexabromide 3 with pyridine afforded tribromide 21 in high yield as the sole product, while thermolysis of hexabromide 3 gave tetrabromide 22, besides tribromide 21 and 1,4-dibromide 2 in a ratio of It is clear that tetrabromide is a good precursor for the corresponding methoxy derivatives of naphthalene. Therefore, tetrabromide 22 was treated with sodium methoxide in DMF in the presence of copper iodide. Copper-assisted nucleophilic substitution afforded corresponding tetramethoxide 23 as the sole product (Scheme 8). The structure of 23 was proved by its 1 H NMR spectrum. The mass spectral analysis of compound 23 confirmed the molecular ion at m/z 248 and 13 C NMR was also in agreement with the structure.
In our previous study, 8 we explored the synthesis, methanolysis reactions, and aromatization of hexabromide 24 (Scheme 9). In that reaction, aromatization of dimethoxy tetralin 25 with sodium methoxide gave tribromide 9 and dibromide 27 (Scheme 9). The same reaction for stereoisomeric dimethoxy tetralins 7 and 8 afforded tribromonaphthalenes 9 and 10.°°S cheme 9. Synthesis of tribromo methoxynaphthalenes from 1,4-dibromonaphthalene (2).
On the other hand, reaction of 3 with Ag 2 SO 4 gave mainly hydroxyl compound 6, whereas the same reaction using the reagent AgClO 4 produced dimethoxy compounds (7 and 8).
Next, the silver-promoted methanolysis of stereoisomeric hexabromide 3 followed by aromatization was discussed. The synthesis of diastereostereoisomer 7 and 8 by subsequent aromatization of 7 and 8 gave two naphthalene derivatives, 9 and 10.
We also observed that the reactivity and selectivity of the tetralin hexabromide 3 strongly depends on both the reaction conditions and their stereochemistry as shown in the case of silver perchloride or silver sulfate (Scheme 2). Methanolysis of hexabromide 3 with silver sulfate produced an unexpected product, 6, whose cheme 10. Synthesis of tetra-and penta-substituted naphthalene derivatives.
structure was established by X ray and a mechanism was suggested for the formation of hydroxyl compound 6. We also observed that the hydroxy and methoxy compounds exhibit different reactivities towards the base. For example, while the methoxy compounds 7 and 8 (pure or mixture) give the same products (mixture of 9 and 10), the hydroxyl compound 6 produces 10 and 16. Further, the bromination of compound 9 and 16 was also studied. Compound 9 gives 14 while 10 did not brominate under the same reaction conditions. We also observed different reactivity of hydroxyl 16 and methoxy 9 towards bromination. It is interesting that bromination of hydroxyl 16 afforded pentabromide 18 (dibromination), whereas methoxy 9 reacted with only one equiv of bromine (monobromination) in the same reaction conditions. These studies showed that both hexabromide 3 and 1,4-dimethoxy compounds 7 and 8 are useful intermediates for polyfunctionalization of naphthalenes. It is noteworthy that separation and crystallization of methoxylated bromonaphthalenes are relatively easy compared to bromonaphthalenes, and this offers important advantages for preparative purposes.
On the other hand, aromatization of hexabromide 3 opened up an efficient synthetic methodology for both tribromide 21 and tetrabromide 22, which enables synthesis of the corresponding tri-and tetrasubstituted naphthalene derivatives due to the bromine groups. Treatment of hexabromide 3 with pyridine afforded tribromide 21 in high yields as the sole product, while thermolysis of hexabromide 3 mainly gave tetrabromide 22, which is easily separated from the mixture with a simple crystallization method.
Tetrabromide 22 is good precursor for corresponding tetrasubstituted naphthalenes as shown by the synthesis of tetramethoxy naphthalene 23.
Experimental

General
Thin layer chromatography was carried out on Merck silica F254 0.255 mm plates and spots were visualized with UV fluorescence at 254 nm. Classic column chromatography was performed using Merck 60 (70-230 mesh) silica gel. Melting points were determined on a Thomas-Hoover capillary melting point apparatus. Solvents were concentrated at reduced pressure. IR spectra were recorded on a Jasco FT/IR 430 instrument. Mass spectra were recorded on GC-MS PerkinElmer Clarus 500 under electron impact (EI) conditions. 1 H and 13 C NMR spectra were recorded on a 400 (100) MHz Bruker spectrometer with CDCl 3 as solvent. The single crystal of the racemate 6 was used for data collection on a Bruker SMART BREEZE CCD diffractometer. Starting material 1,4-dibromonaphthalene (2) was prepared according to our previous method starting from naphthalene 1 or 1-bromonaphthalene. 
Reaction of hexabromide 3 with silver sulfate
To a solution of hexabromide 3 (obtained from bromination of 1,4-dibromonaphthalene (2) (0.583 g, 0.963 mmol) in dry methanol (90 mL)) was added Ag 2 SO 4 (0.660 g, 2.12 mmol) under a nitrogen gas atmosphere in the dark at room temperature. The resulting reaction mixture was stirred magnetically at room temperature for 4 days. Reaction progress was monitored by TLC and 1 H NMR. After the removal of the silver bromide by filtration, the reaction material was diluted with dichloromethane (100 mL) and washed with H 2 O (3 × 50 mL 
Reaction of hexabromide 3 with 2 equiv silver perchlorate
To a stirred solution of hexabromide 3 (0.950 g, 1.57 mmol) in dry and freshly distilled methanol (140 mL) was added silver perchloride (0.715 g, 3.45 mmol) under an argon gas atmosphere in the dark. The resulting reaction mixture was stirred magnetically at room temperature for 6 days. Reaction progress was monitored by TLC for the consumption of the starting material. After completion of the reaction, the precipitated silver bromide was removed by filtration. The reaction mixture was diluted with methylene chloride (50 mL), washed with water (3 × 50 mL), dried over Na 2 SO 4 , and concentrated at reduced pressure. 
Aromatization of dimethoxides 7 and 8
To a solution of the dimethoxides 7 and 8 ( 
Synthesis of 1,4,6-tribromonaphthalene (21)
To a solution of the hexabromide 3 (0.410 g, 0.677 mmol) in toluene (20 mL) was added freshly distilled pyridine (1.96 g, 24.8 mmol, 2 mL). The mixture was stirred magnetically at room temperature for 4 days. The mixture was filtered and pyridine and solvent were then removed in vacuo. Tribromonaphthalene 21 was purified in 99% yield (246 mg) by passing a short silica gel column eluting with hexane. 
